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I.   SYSTEM  DESCRIPTION 

The  Perl-Mack  Enterprises,  Inc.  site  is  a  single  family  dwelling,  2,229 
square  feet  of  living  area,  in  Denver,  Colorado.  The  solar  energy  system 
is  designed  to  provide  approximately  68  percent  of  the  annual  space  heating 
and  hot  water  energy  requirements  for  the  home.   It  has  an  array  of  flat- 
plate  collectors,  manufactured  by  Miromit,  with  a  gross  area  of  470  square 
feet  that  faces  south  at  an  angle  of  30  degrees  from  the  horizontal.  A 
water-glycol  solution  is  used  as  the  medium  for  delivering  solar  energy 
from  the  collector  array  to  storage  located  in  the  basement.  The  energy 
is  stored  in  a  853-gallon  tank  after  the  transfer  fluid  passes  through  a 
liquid-to-liquid  heat  exchanger.  Preheating  of  incoming  city  water  is 
accomplished  in  a  40-gallon  tank  immersed  within  the  853-gallon  tank.  A  gas 
burner  in  a  conventional,  40-gallon  hot  water  tank  furnishes  auxiliary 
energy  for  water  heating.  When  solar  energy  is  insufficient,  a  forced  air, 
natural  gas  furnace  provides  additional  energy  for  space  heating. 

The  system,  shown  schematically  in  Figure  1,  has  five  modes  of  solar  opera- 
tion. 

Mode  1  -  Collector-to-Storage:  This  mode  is  entered  when  the  collector 
outlet  temperature  exceeds  the  water  thermal  storage  temperature  by  10°F 
(adjustable).  The  transfer  fluid  is  circulated  through  the  collectors, 
through  the  heat  exchanger  HX2,  and  back  to  the  collectors  until  the  tem- 
perature differential  drops  to  less  than  2°F. 

Mode  2  -  Storage-to-Space  Heating:  This  mode  prevails  when  the  room  tem- 
perature drops  to  the  setting  of  the  thermostat,  and  the  temperature  in 
the  water  thermal  storage  is  90°F  or  higher.  Energy  from  storage  is  trans- 
ferred to  liquid-to-air  heat  exchanger  HX1  located  in  the  air-handling  unit. 
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Mode  3  -  Domestic  Water  Preheat:  This  mode  exists  when  there  is  a  demand 
for  hot  water.  Incoming  city  water  flows  through  the  preheat  tank  immersed 
in  the  water  thermal  storage  and  then  to  the  conventional  hot  water  heater 
(DHW  heater). 

Mode  4  -  Excess  Heat  Rejection:  This  mode  occurs  when  the  water  thermal 
storage  temperature  exceeds  170°F  and  Mode  1  has  been  terminated.  Pumps 
PI  and  P2,  in  this  mode,  extract  energy  from  storage  and  transfer  it  to 
the  collectors  for  exchange  to  the  outside  ambient  air.  In  addition, 
vapor  in  the  water  thermal  storage  is  vented  to  the  outside  of  the  house. 

Mode  5  -  Snow  Removal  from  Collector:  This  mode  is  accomplished  by  a 
manual  override  switch  which  permits  the  homeowner  to  turn  on  the  col- 
lector pump  PI  and  storage  pump  P2  to  transfer  energy  from  water  thermal 
storage  to  the  collectors.  The  purpose  of  this  mode  is  to  remove  snow 
from  the  collectors  before  normal  insolation  and  collection  would  be  ex- 
pected to  begin.  This  mode  terminates  automatically  after  a  preset  time 
interval  of  approximately  15  minutes. 

II.  PERFORMANCE  EVALUATION 

The  system  performance  evaluations  discussed  in  this  section  are  based 
primarily  on  the  analysis  of  the  data  presented  in  the  attached  computer- 
generated  monthly  report.  This  attached  report  consists  of  daily  site 
thermal  and  energy  values  for  each  subsystem,  plus  environmental  data. 
The  performance  factors  discussed  in  this  report  are  based  upon  the  defi- 
nitions contained  in  NBSIR  76-1137,  Thermal  Data  Requirements  and 
Performance  Evaluation  Procedures  for  the  National  Solar  Heating  and 
Cooling  Demonstration  Program. 

A.   Introduction 

The  solar  energy  system  at  the  Perl-Mack  Enterprises,  Inc.  site  operated 
continuously  during  the  month  of  June  with  domestic  hot  water  as  the  pre- 
dominate energy  load. 


For  each  month  of  this  heating  season,  the  instrumentation,  which  measures 
the  natural  gas  usage,  has  become  progressively  less  reliable  when  a  com- 
parison is  made  between  the  measured  gas  usage  and  the  gas  billing  for  the 
month  as  received  by  the  homeowner.  For  the  month  of  June,  the  billing 
receipts  have  been  used  as  a  baseline,  and  the  measured  natural  gas  usage 
for  heating  and  domestic  hot  water  have  been  modified  accordingly. 

With  these  adjustments  to  the  data,  the  solar  contribution  was  75  percent 
of  the  combined  heating  and  domestic  hot  water  load  of  1.71  million  Btu, 
and  was  produced  at  the  expense  of  0.33  million  Btu  to  operate  electrical 
pumps  in  the  solar  energy  collection  and  storage  subsystem  (ECSS). 

B.  Weather 

The  average  outside  ambient  temperature  for  June  was  67°F  as  compared  with 

the  long-term  average  of  66°F.  The  measured  insolation  in  the  collector 

2 
plane  averaged  1,930  Btu/ft  -day.  The  long-term  average  insolation  for 

2 
June  is  2,138  Btu/ft  -day  derived  from  measurements  taken  at  the  Denver 

airport.  The  insolation  and  ambient  temperature  were  abnormally  low  from 

7  June  through  9  June. 

C.  System  Thermal  Performance 

Collector  -  Of  the  27.2  million  Btu  of  energy  incident  on  the  collector 
array,  18.96  million  Btu  were  incident  on  the  array  when  pumps  PI  and  P2 
(Figure  1)  were  operating.  The  system  collected  8.38  million  Btu,  or  31 
percent  of  the  total  insolation  incident  on  the  collector  array.  The 
operation  of  pumps  PI  and  P2  consumed  0.33  million  Btu  of  electrical  energy 
during  collection. 

Storage  -  Of  the  8.38  million  Btu  of  solar  energy  collected,  6.95  million 
Btu  were  delivered  to  the  water  thermal  storage.  Delivery  loss  between 
the  collector  and  storage  was  1.44  million  Btu.  A  total  of  1.70  million 
Btu  was  removed  from  storage  for  use  by  the  loads,  and  the  net  change  in 
energy  within  the  water  thermal  storage  for  the  month  was  a  net  loss  of 


0.19  million  Btu.  Storage  losses  of  5.05  million  Btu  resulted  in  a  storage 
efficiency  of  27  percent.  Relatively  high  insolation  for  most  of  the  month 
resulted  in  an  average  storage  temperature  of  143°F,  ranging  from  a  low 
average  temperature  of  100°F  to  a  high  of  156°F. 

Domestic  Hot  Water  Load  -  An  average  of  75  gallons  of  hot  water  was  used 
each  day  of  occupancy,  and  was  delivered  at  an  average  temperature  of  139°F. 
The  consumed  hot  water  was  replaced  with  cold  water  at  an  average  tempera- 
ture of  62°F,  which  resulted  in  a  measured  total  hot  water  load  of  1.51 
million  Btu.  The  total  hot  water  load  is  independently  measured,  as  well 
as  the  solar  energy  used,  and  the  auxiliary  thermal  energy  used.  The  dif- 
ference between  the  sum  of  the  solar  and  auxiliary  contributions  and  the 
total  load  is  assigned  to  plumbing  energy  losses  and  averaged  0.50  million 
Btu  for  the  month.  The  solar  fraction  was  73  percent. 

Space  Heating  Load  -  The  space  heating  solar  energy  usage  of  0.18  million 
Btu  represented  92  percent  of  the  total  space  heating  load  of  0.20  million 
Btu.  The  auxiliary  fossil  fuel  of  0.23  million  Btu  provided  0.02  million 
Btu  of  auxiliary  thermal  energy  based  on  an  assumed  furnace  efficiency  of 
64  percent. 

D.  Observations 

The  solar  system  operation  was  normal.  Auxiliary  energy  was  used  for  space 
heating  during  a  cold  snap  on  7  through  9  June  and  then  discontinued  for  the 
remainder  of  the  month.  There  was  limited  collection  for  three  days  because 
of  adverse  weather  conditions.  Energy  was  rejected  from  the  collector  array 
in  Mode  4  on  21  June  for  a  period  of  three  hours,  during  which  time  the  sto- 
rage tanks  temperature  was  reduced  from  168°F  to  156°F.  Losses  of  6.99  million 
Btu  to  the  conditioned  space  continue  to  be  typical  of  past  performance. 

E.  Energy  Savings 

The  Perl-Mack  solar  energy  system  resulted  in  estimated  savings  of  2.72 
million  Btu  of  natural  gas  during  June,  at  the  expense  of  -0.33  million  Btu 
of  electricity  for  operating  the  solar  energy  portion  of  the  system.  The 


savings  are  based  solely  on  the  use  of  controlled  solar  energy,  as  measured, 
and  do  not  Include  losses.  The  savings  of  2.72  million  Btu  are  the  natural 
gas  equivalent  of  the  1.65  million  Btu  of  solar  energy  assumed  to  have  been 
removed  from  storage  and  supplied  to  the  conditioned  space  and  to  the  do- 
mestic hot  water  heater. 

III.  ACTION  STATUS 

None. 
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